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ABSTRACT 



This thesis is a theoretical economics study of the formation of defense 
alliances. It discusses the probability that countries, which are characterized by 
both their perceptions about benefits and risks of alliance membership and the 
gross domestic product, form an alliance. 

Primarily, I created an alliance model with and without risk perceptions 
based on the joint product model and the self-protection model. Next, I 
examined the behavior of countries in the model. Finally, I considered the 
implications of the results. The characteristics of the countries may influence the 
alliance burden sharing and productivity of defense expenditure whose effects 
on the country’s utilities influences the alliance formation. 
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I. INTRODUCTION 



A. BACKGROUND 

The study of military alliances using economic theory has continued since 
Olson and Zeckhauser (1966) first applied the public goods theory to this 
subject. [Ref. 1] Their study and others following have focused mainly on the 
North Atlantic Treaty Organization (NATO). NATO observed that the Warsaw 
Treaty Organization (WTO) was a common enemy in a bipolar world system. 
NATO was therefore designed to protect its members from WTO aggression. In 
fact, the NATO alliance has deterred WTO aggression against its members and 
its members have correspondingly benefited from the alliance. Most of these 
previous studies view the alliance from a positive standpoint, except for some 
problems, such as disproportionate burden sharing. [Ref. 2] 

In other regions, such as East Asia, military alliances like NATO do not 
exist. However, some two-country-alliances do exist, such as the United States- 
Japan Treaty. From the standpoint of economic theory, little is known about 
such alliances. The common enemy is much less obvious than it was for 
Western Europe during the Cold War. Thus, joining an alliance in this 
circumstance would not always benefit all allies. For example, an ally could be 
involved in a war in which they would not have been involved had it not been for 
the alliance. Some countries consider the main benefit of an alliance is 
deterrence while some countries think alliances are risky. 

The question addressed here is how the perceptions of member countries 
influence the formation of an alliance. Depending on perceptions, do they join 
an alliance or remain independent? 

This paper is a theoretical economic study on the formation of defense 
alliances. It will analyze perceptions of countries in an alliance and discuss the 
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effects of these perceptions on alliance formation. Finally, it will discuss the 
implications for alliance formation. 

B. OBJECTIVES 

This paper discusses the probability that countries, which are 
characterized by both their perceptions about the benefits and risks of alliance 
membership and their gross domestic product, form an alliance. It also 
discusses the prospective effect of changes in the size of the countries on 
alliance formation. 

C. SCOPE AND LIMITATION 

This paper considers the formation of a defense alliance between two 
countries. Although I acknowledge that there are uncountable factors that 
influence the formation of alliances and relationships between countries, such as 
economic, ideological, racial, religious and historical factors, I would like to focus 
on the country’s perception of the risk and benefit from an alliance. 

The countries are assumed to be almost identical and are democratic and 
capitalist. They relate to each other so much economically that a war against 
one of them can influence the other country. For this reason, they do not prefer 
war and think of their defense power as a deterrence. Besides, their utility is 
measured by the amount of money they can spend for private goods. In 
addition, this paper will discuss the formation of alliances based on two 
assumptions. 

1. Assumption 1 

The countries discussed are assumed to be rational players. They are not 
assumed to take reckless actions. They make decisions by themselves on 
whether or not to join an alliance and seek to maximize their utility. 

2. Assumption 2 

Defense expenditures are determined by a Nash equilibrium. The country 
decides on the defense expenditure that maximizes its utility after observing the 
defense expenditures selected by the other ally. The second country reacts in 
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the same way. As these actions continue, their defense expenditures approach 
a Nash equilibrium. 

D. METHODOLOGY 

• Research previous studies on alliances using economic theory. 

• Create an alliance model without risk perception based on the joint 
product model and the self-protection. 

• Develop an alliance model with risk from the alliance model without 
risk. 

• Examine the behavior of countries using the alliance model with risk. 

• Consider the implications of the model results. 

E. LITERATURE REVIEW 

There have been several models employed to examine economic theory 
in military alliances. One model is a purely public model introduced by Olson 
and Zeckhauser. It focuses mainly on the North Atlantic Treaty Organization 
(NATO) and discusses an alliance as a pure public good. Another model is the 
joint product model employed by Sandler. The model was developed from the 
purely public model and discusses an alliance as an impurely public model. 
[Refs. 2 and 3] The other type of model is the self-protection model constructed 
by Ehrich and Becker. 

1. Purely Public Product Model 

Olson and Zeckhauser applied economic theory to the study of military 
alliances initially in 1966. [Ref. 1] They discussed NATO and observed that 
WTO was a common enemy of NATO and that deterring WTO aggression 
against any NATO members was in the common interest of all members. In the 
1950s and 1960s, NATO depended primarily on deterrence and mainly on the 
U.S. stockpile of strategic nuclear weapons. Reliance on nuclear weapons was 
essential since the conventional forces of NATO were much smaller than that of 
the Russian forces. From these observations, a military alliance is defined as a 
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group of countries that provides protection to all members from aggression by 
common enemies. Accordingly, Olson and Zeckhauser considered deterrence 
as a pure public good. [Ref. 1] Measuring the size of an ally by its Gross 
Domestic Product (GDP), they examined the effect of GDP on defense 
expenditures as a percent of GDP in a Nash equilibrium. Olson and Zeckhauser 
also assumed that all allies are equal to one another in every aspect other than 
the GDP. [Ref. 1] In particular, the allies share the same perception of the 
threat and the effect of an alliance on deterrence. Under these assumptions, 
Olson and Zechauser explain the formation of NATO predicting disproportionality 
in defense burden sharing; larger allies shoulder the defense burden of the 
smaller allies. [Ref. 1] In their studies, despite the problems of 
disproportionality, countries are always better off cooperating than being 
isolated. 

2. The Joint Product Model 

Extending the pure public goods theory, Sandler employed a joint product 
model to explain observed reductions in disproportionality (as measured by 
defense expenditures as a percent of GDP) between the rich and poor allies in 
NATO during the 1970s and 1980s. [Ref. 4] In the joint product model, military 
expenditures are viewed as being purely public, impurely public, and private 
goods. For example, purely public goods include deterrence provided by 
strategic nuclear weapons, impurely public goods include damage limiting 
protection provided by conventional and tactical nuclear weapons, and private 
goods include forces policing terrorist activity at home. A country like the United 
States maintains both nuclear and conventional forces and uses them for a 
variety of both public and private purposes. In addition, NATO placed increasing 
reliance on conventional weapons relative to nuclear weapons under the 
doctrine of flexible response in the 1970s. From these observations, Sandler 
and others explain the formation of NATO by using the joint product model. 
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The joint product model appears to add more understanding to the NATO 
alliance. In particular, the model predicts that technological and strategic changes, 
associated with an alliance arsenal, can alter the mix of public benefits. However, 
the mix of public and private benefits is uniquely determined by the mix of weapons 
in the alliance’s arsenal and the alliance’s defense strategy, e.g., flexible response. 
This model also concludes that allies are never at a disadvantage from the alliance. 

3. The Self-Protection Model 

From another point of view, Ehrlich and Becker (1972) discuss a defense 
model as the ‘self-protection’ Model. [Ref. 5] With this model, they studied the 
behavior of a country that is assumed to seek its maximum expected utility; 
maximum expected utility combines utilities at peacetime and at during war, using 
the probability of war. Toshitaka Fukiharu applied the self-protection model to 
explain alliances and arms races between two countries. [Ref. 6] 

I consider it inappropriate to maintain an alliance that benefits all potential 
allies. Other studies have assumed that an alliance benefits all allies and have no 
doubt that it is better for a country to cooperate than to be isolated. This assumption 
comes from the circumstances surrounding NATO during the Cold War. It is 
inappropriate in other regions, and especially after the collapse of the bipolar system 
of NATO and WTO. Countries do not share a perception of a common enemy in the 
other regions. In other words, countries observe their unique enemies regarding 
their individual national interests. In international relations, it is good for a country 
that an alliance would protect it and would deter war against its adversary; however, 
there is a risk that the alliance would force a country to contribute to a war initiated 
against another ally. There is also a risk that the alliance would destabilize the 
balance of power and increase the probability of war. Some countries may perceive 
an alliance as a benefit; other countries may not. 
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Taking international relations into account, this paper will discuss how the 
perceptions of countries influence the formation of an alliance. Does a country 
cooperate, or does a country become isolated? Examining behaviors of 
countries with mathematical models, this paper will consider the implications of 
these perceptions on alliance formation. 
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II. MODEL DESCRIPTION 



A. ALLIANCE MODEL WITHOUT RISK PERCEPTION 

Consider an original alliance model without risk perception based on the 
previous studies as the first step in analyzing the behavior of the countries 
regarding an alliance. In the model, defense goods are considered as purely or 
impurely public goods, the utilities of a country are measured by the 
expenditures for private goods, and expected utility depends on both the 
probabilities of peace and war and the utilities at peace and at war. The 
objective of a country is to maximize its expected utility subject to its resource 
constraint of the Gross Domestic Product (GDP). 

1. Model Structure 

Consider the alliance model without risk perception where there are two 
friendly countries, Country 1 and Country 2, and their adversaries, Enemy A and 
Enemy B. As both countries are rational players, each country independently 
decides on its defense expenditure by maximizing its utility subject to its income 
constraint. 

In addition, there is the possibility of two wars. One war is War A where 
Enemy A would attack Country 1 , the other war is War B where Enemy B would 
attack Country 2. Countries 1 and 2 suffer losses from both War A and War B. 
For these reasons, Country 1 and Country 2 are interested in a bilateral military 
alliance to prevent both wars. 



7 



In the model, let the notation be as follows: 



i and j 
k and m 
s 
Ui 

u* 

G. 

X, 

Y, 

Lj S 

E. 

Z| 

Pi s 

3i 

Pi 



dj k 

Qi k 



Friendly countries: 1 or 2 
Enemies and wars: A or B * 

Situation: 0, 1, 2, 3 * 

Expected utility of Country i 

Utility of Country i under Situation s 

Gross domestic product of Country i 

The quantity of private goods purchased by Country i 

The quantity of defense goods purchased by Country i 

Loss that Country i suffers under Situation s 

Portion of Country j‘s defense goods which contribute to Country i 

Country i‘s deterrence 

Probability that Situation s occurs 

Utility coefficient of Country i 

Price of private goods in Country i 

Coefficient for Country i‘s loss suffered from situations that Country i 
estimates 

Effectiveness coefficient of deterrence of War k that Country i 
estimates 

Probability of War k that Country i estimates 



• Wars are defined as follows: 



War A: War where Enemy A attacks Country 1 
War B: War where Enemy B attacks Country 2 

• Situations are defined as follows: 

Situation 0: Situation where neither War A nor War B occurs 

Situation 1 : Situation where War A occurs 

Situation 2: Situation where War B occurs 

Situation 3: Situation where both War A and War B occur 

Under the alliance, Z, represents Country i‘s total consumption of the 
defense goods or its deterrence. 

Z, (0<£ S <1) 
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Though Country i produces Y, of defense expenditure, it perceives that Ey 
of Yj is relevant to Country j‘s defense. In other words, Country i perceives that 
Country j contributes Ejj of its defense expenditure to Country i. In general, E 0 
should be a value between 0 and 1. If E y = 1, Country j’s defense expenditures 
are purely public. Conversely, if E^ = 0, its defense expenditures are purely 
private. That is, Country i perceives no commitment to its defense from Country j 
and Country i cannot depend on Country j‘s assistance in its defense 
calculations. [Ref. 7] 

2. Objective 

The objective of the country in this model is to maximize its expected 
utility composed of the probabilities of peace and wars and its utilities at peace 
and at war. 

3. Probabilities of Peace and Wars 

Assume that the probability of War k, or q k , is a function of Z x because 
Country i‘s deterrence, or Zj, prevents the war against Country i by Enemy k, or 
q k . Thus, as Z, increases, q k decreases. More specifically, q k should be 
between 0 and 1, and a concave-down-function of Z;, dZJdq* is negative, and 
d 2 ZJd 2 q* is positive. Therefore, it is assumed that Country i would estimate q k 
by an efficient factor of the deterrence for War k, or d k , as follows: 



Generally, d k should also be a value that is greater than 0. If d k =0, Z, 
does not have any effect on deterrence and Country i perceives that War k will 
occur regardless of Z;, if d k >0, Z, is effective and q k decreases as Z t increases. 

Concerning the two wars, the situations in the model are classified into 
four cases. In Situation 0, neither War A nor War B occurs; this is peacetime. In 
Situation 1 , only War A occurs. In Situation 2, War B occurs. In Situation 3, both 
War A and War B occur. Since only four situations are possible, the sum of the 
probabilities of war in each situation, or P*. must satisfy: 
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3 




5=0 



Using q*, P* is denoted by the following four equations: 







4. Utilities at Peacetime and at War 

The utilities of the countries in each situation are measured by their 
expenditure for private goods. The expenditure for private goods in the case of a 
war is less than that during peacetime. The reduction in private goods is called a 
loss by war. Country i estimates the loss suffered under Situation s, or L®, would 
be a portion of its GDP, or G; . When s = 0 during peacetime, Country i loses 
nothing and 1° is zero. Compared to Situation 0, Country i estimates the loss 
under Situation s at I® of G*. Then, 



For convenience, suppose that loss from both wars, or lj 3 , is the sum of 
the losses from each war. Thus, the following equation denotes I 3 : 

Including the loss, Country i estimates its utility under Situation s by the 
following equation, where a, is its utility elasticity: 
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